Objectives: to determine whether pharmacolog~cal mductzon of heat shock proteins (HSPs) by herblmycm-A (a tyrosme
Introduction (HSPs) . Animal studies have shown that the heat shock response is protective against ischaemia-reperfusion Reperfusion of a large mass of ischaemic tissue, such induced injury in the heart, 11-13 small intestine, 14 skelas the lower torso, may induce systemic inflammatory etal muscle 15 and the kidneys. I6 Recently attention has reactions. 1 Severe and sometimes fatal pulmonary focused on the induction of HSPs using "non-stressful" complications secondary to this inflammatory process means. This includes pharmacological intervention to have been described. 2' 3 A key event in the pathogenesis induce HSP expression. Several chemical agents have of ischaemia-reperfusion (IR) injury is thought to be been shown to induce HSP expression, including eththe interaction between activated neutrophils and the anol and sodium arsenite. 17 ' Is Morris et al. (1996) have vascular endothelium. 4-7 Ischaemla-reperfusion results shown that herbimycin-A, a benzoquinoid ansamycin in upregulation of surface adhesion molecules and antibiotic, induces the expression of the 70 kD HSPs activation of circulating neutrophils which in turn and protects rat neonatal cardlomyocytes against ischadhere to the vascular endothelium and release ox-aemic stress. ~9 idants and proteases which cause microvascular inThe aim of this study was to determine whether jury.S,9 pharmacological induction of HSPs by herbimycin-A The heat shock or stress response refers to the would protectagainstneutrophil-mediatedlunginjury process whereby stressful stimuli (e.g. hyperthermia) in an animal model of lower torso ischaemia and induce a transient resistance of the cells to subsequent reperfusion. noxious stimuli. I° This resistance to oxidative stress is associated with an increased synthesis of highly Twenty-seven adult male Sprague-Dawley rats Wet'drylungweightratzo (Charles River, U.K.), weighing 300-350 grams were randomised into three groups: control, ischaemia-re-Lung wet.dry (W:D) weight ratios were used as a perfuslon (IR), and a third group treated with herbi-measure of pulmonary oedema. The W:D weight ratio mycin-A 18 h prior to ischaemia-reperfuslon (HerbIR). of the right lower lobe was calculated after weighing In the HerbIR group 100 ~tg of Herbimycin-A (H-6649, the freshly harvested organ, heating at 90 °C in a Sigma Chemical Co.) was dissolved in 80 ~1 of dimethyl gravity convection oven and repeatedly weighing the sulfoxide (DMSO, D-5879, Sigma Chemical Co.). The residuum until its weight became constant. stock solution of herbimycin-A was diluted in 720 ~tl 0.9% sodium chloride solution and then administered through the tail vein of rats 18 h prior to IR injury.
Materials and Methods
Myeloperoxidase assay At the time of experimentation, animals were anaesthetised using inhalational halothane. The right Myeloperoxidase (MPO)is a haem-containing enzyme internal jugular vein was catheterised for ad-which is found in neutrophils, and so can be used as ministration of heparin. All animals were maintained supine and core body temperature was monitored an indirect measure of tissue neutrophil infiltration. 21
The right ventricle was cannulated with a 25-G needle for the duration of the experiment by rectal probe and the right pulmonary hilum was clamped, after (Hewlett-Packard GMBH, Boeblingen, Germany).
which the pulmonary vasculature of the left lung was "washed out" with 50 ml normal saline. After weighing, the left lung was homogenised in 0.5% hexadecyl trimethyl ammonium bromide (HTAB) Aortic occlusion and reperfusion (Sigma Chemical Co., St. Louis, MO, U.S.A.). The supernatant was assayed spectrophotometrically for Anaesthetised rats, including controls, underwent a MPO activity. One unit of MPO was defined as that midline laparotomy. In the IR and HerblR groups the degrading 1 [~ mole of peroxide/minute at 25 °C and infrarenal abdominal aorta was exposed and clamped calculated per gram of tissue. 22 above the aortic bifurcation for 30min, after heparinisation with 400 iu heparm/kg body weight. In control animals the aorta was exposed but not
Western ~mmunoblotting for HSP72 expression clamped. After 30 rain of lower torso ischaemia the aortic clamp was removed through the previous lap-Tissue samples from the lung, intestine, mesentery and arotomy incision. Two hours after removal of the hver were removed, homogenised in cold phosphateclamp animals were sacrificed, buffer saline (1 ml) and centrifuged at 4100 g for 30 min at 4 °C. The supernatants were collected and protein concentration was quantified using a Coomassle protein assay reagent (Rockford, Ilhnois, U.S.A.). The final Bronchoalveolar lavage protein concentration of samples was diluted to 50 ~tg/ 10 ~tl. The proteins were denatured at 100 °C for 10 min After sternotomy the left bronchus was clamped, and aliquots containing equal amounts of proteinwere Bronchoalveolar lavage (BAL) of the right lung was then suspended m SDS-glycerol loading buffer (pH 6.8, performed with 2 ml saline containing 0.07 M EDTA. 62.5 mmol/Tris, 2% SDS, 10% glycerol, 5% merThis was repeated three times. The combined lavage captoethanol, 0.01% bromophenol blue), and proteins of approximately 4 ml was centrifuged at 1500g for were separated by SDS-PAGE (polyacrylamide gel 20 min at 4 °C, and frozen at -20 °C. BAL fluid was electrophoresis) (ExcelGel, Pharmacia, Sweden) with subsequently used for measurement of protein con-75 gg of total protein loaded per lane. Proteins were centration (BALprot) by the spectrophotometric dye then transferred to a nitrocellulose membrane (Sigma) method of Lowry et al. 2° and labeled with a primary mbA, mouse antihuman Neutrophil count in BAL fluid (BAL PMN) was IgG1, specific for the HSP72 (StrssGen, Victona, British used as a measure of pulmonary neutrophil influx and Columbia). After adding secondary tubA, sheep antimicrovascular leakage. This was carried out by Diff-mouse IgG1 conjugated with alkaline phosphatase Quick staining of a representative sample of BAL (Serotlc, Oxford, England), the protein was visualised fluid and consecutive counting of neutrophils per high using bromochloroindolyl phosphate/nitro blue tetrapower field, zolium (BCIP/NBT, Sigma). 23 Figure 1 shows that BALPMN counts the median BALPMN and MPO values between the significantly increased from median (range) control herbimycln-A treated group and the control group. value of 0.5 (0.25-2.25)x 105/ml to IR value of 3.75 (0.25-6.5) x 105/ml, p<0.05. Figure 2 shows a significant increase in MPO activity from control level of 2.57 (1.19-4.69) U/g to IR level of 4.58 (1.83-7) U/g, p<0.05.
Pulmonary microvascular leakage
Herbimycin-A administration resulted in a significant reduction in BALPMN (1 (0.5-2.5) x 105/ml) Wet:dry lung weight ratios were significantly higher and in MPO activity (3.27 (1.01-5.12)U/g) compared in the IR and HerblR groups (4.09 (3.84-5.9) and to the IR group, p<0.05.
3.86 (3.26-4.55), respectively) compared to the control There was no statistically significant difference in group, (2.89 (2.22-3.96)), p<0.05 (Fig. 3) Fig. 4 . Thin figure shows mductlon of HSP-72 m gut, mesenterlc, referred to as thermotolerance. There is evidence to pulmonary and hver tissues pnor to I/R Lanes CG, CM, CP and suggest that this phenomenon is mediated by heat CL represent I-ISP-72 m gut, mesentery, pulmonary tissue and liver shock proteins (HSP). Heat shock proteins represent of control ammals Lanes HG, HM, HP, and HL represent HSP-72 m the gut, mesentery, pulmonary tzssue and hver of rats treated a highly conserved family of constitutively expressed with herblmycm-A and stress-induced proteins; they act as molecular chaperones, playing a central role in the binding of there was no statistmally significant difference between denatured proteins. 3°' 31 In vitro studies have demthe IR and HerbIR groups in wet:dry lung weight onstrated that this effect is proportional to the amount measurements. BALprot concentrations in the control, of HSP-72 present at the time of second injury. 2332 In IR, and HerbIR groups were 250 (138-312), 230 (143-vivo studies have demonstrated that induction of HSP-484), and 202 (154-628) I~g/ml, respectively. There was 72, by heat stress, protects against IR induced renal, no statistically significant difference between these intestinal and other organ injLlry. 14' 3~' 34 measurements.
Herbimycin-A is a benzoquinoid ansamysin antibiotic which reactivates p60 ..... tyrosme kinase. 35' 36 Murakami et al. (1991) showed that herbimycin-A induces the expression of the 70 kD heat shock proteins m (1996) demonstrated that induction of the 70 kD HSPs by Figure 4 demonstrates that herbimycin-A induced ex-herbimycin-A was associated with protection of rat pression of HSP72 in lung, mesentery, intestine and neonatal cardlomyocytes against ischaemic stress) 9 liver tissue.
This study demonstrates that herbimycin-A does induce expression of HSP-72 in lung, mensentery and gut. Expression of the protein was associated with Discussion attenuation of IR induced pulmonary neutrophil infiltration.
The mechanism by which herbimycin-A or HSP-72 Our hypothesis was that induction of HSP72 by herbimycin-A, in wvo, would decrease neutrophil-mediated reduces these changes is not clear. We have previously lung injury secondary to lower torso ischaemla-re-demonstrated that thermotolerance decreases IR inperfusion. This study confirmed that temporary clamp-duced up-regulation of ICAM-1, on the surface of ing of the infra-renal aorta resulted in altered renal endotheliumJ 6 Others have shown that thermopulmonary endothelial barrier function, with oedema tolerance decreases IR induced activation of the 5"-and increased neutrophil infiltration. Herblmycin-A hpoxygenase pathway, decreasing synthesis of leukosignificantly decreased pulmonary neutrophil in-triene B4J 4 Leukotriene B 4 1s known to induce leucocyte filtation, although it did not have a statistically slg-chemotaxis, adherence, and degranulation. 38 It is posnificant effect on tissue oedema. This was associated sible that the protective effect of thermotolerance is with increased expression of HSP72.
through decreasing synthesis of this molecule. There Our group and others have previously reported is also evidence that heat shock may enhance the that aortic cross-clamping followed by reperfusion cellular anti-oxidant defence system. 39 Herbimycin-A is associated with pulmonary injury and neutrophil is a tyrosine kinase inhibitor. However, in a previous activation. 24-26 Neutrophil activation has been im-study, Genistm, which is also a tyrosme kinase inplicated as one of the key mediators of distant organ hzbitor, had no effect on HSP expression and also did damage and dysfunction caused by reperfusion m-not protect against ischaemia. It has therefore been jury. 24' 27 The lung is particularly affected by this pro-suggested that herbimycin-A induces HSP expression cess. Recent studies have also confirmed the central via a tyrosine kinase independent mechanism. 19 role of the neutrophil in skeletal muscle, hepatic, 28
We did not include a herbimycm-A only group m myocardial, 29 and pulmonary i n j u r y 24'28 This IS me-this study Thzs may have been useful in determining diated by interaction between CD11b/CD18 adhesion whether herblmycin-A itself can lead to injury. In an in vitro study, Hedge et al. (1995) 
